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Hypoalbuminemia and Obesity in 
Orthopaedic Trauma Patients: Body 
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The purpose of this investigation was to identify the prevalence of hypoalbuminemia and obesity in 
orthopaedic trauma patients with high-energy injuries and to investigate their impact on the incidence 
of surgical site complications. Patients 18 years of age and older undergoing intramedullary nail fixation 
of their femoral shaft fractures at a university-based level-1 trauma centre were assessed. Malnutrition 
was measured using serum markers (albumin <3.5 g/dL) as well as body mass index (BMI) as a marker of 
obesity (BMI > 30 kg/m2). The primary outcome measure was surgical wound complications. A total of 249 
patients were included in this study. Ninety-eight patients (39.4%) presented with hypoalbuminaemia and 
80 patients (32.1%) were obese. The overall incidence of wound complications in our study population was 
9.65% (n = 25/259). A logistic regression model showed that non-obese patients (BMI < 30 kg/m2) were 
at significantly reduced risk for perioperative wound complications (Odds Ratio 0.400 [95% confidence 
interval 0.168, 0.954], p = 0.039). This study demonstrated a substantial prevalence of hypoalbuminemia 
and obesity among orthopaedic trauma patients with high-energy injuries. Obesity may increase the risk 
of surgical site complications. Future studies are required to further define malnutrition and its correlation 
with surgical site complications in orthopaedic trauma patients.

Malnutrition represents a significant healthcare problem and complicates medical and surgical patient care1–9. 
According to the American Society for Parenteral and Enteral Nutrition (ASPEN), malnutrition is defined as a state 
of nutrition, in which a combination of varying degrees of overnutrition or undernutrition have led to changes in 
body composition and diminished function (www.nutritioncare.org, last accessed December 25, 2019). Data from 
the medicine literature have suggested that malnutrition may negatively affect the treatment outcomes of various 
medical conditions, such as cerebrovascular disease, heart disease, pulmonary disease, renal failure, diabetes, and 
cancer1–6. In addition, investigations in the field of general surgery have reported malnutrition as a significant risk 
factor for patient morbidity and mortality7–9. Within the orthopaedic surgery literature, the preoperative nutritional 
status as a predictor of surgical outcomes has recently gained attention10–15. In particular, for elective orthopaedic 
procedures, malnutrition has been reported as a significant risk factor for surgical complications. Thus, it has been 
reported that malnourished patients undergoing elective hip or knee arthroplasty will be at significantly higher 
risk for surgical complications10–12. Similarly, recent reports have suggested that malnourished patients undergoing 
elective spinal fusion are at significantly higher risk for increased length of stay, hospital readmission, surgical com-
plications, and mortality13–15. Regarding surgical complications, particularly wound healing problems and infections 
have been emphasized to be associated with a poor nutritional status.

Data from the literature about malnutrition in orthopaedic trauma patients remains limited. Most investiga-
tions in the field of orthopaedic trauma address nutritional deficits in elderly patients undergoing hip fracture 
surgery16–18. However, reports on young orthopaedic trauma patients with high-energy injuries remain limited. 
Therefore, the goals of this study are (1) to identify the prevalence of hypoalbuminemia and obesity in orthopae-
dic trauma patients with high-energy injuries and (2) to investigate their impact on the incidence of surgical site 
complications. We hypothesise that hypoalbuminemia and obesity increase the risk of surgical site complications 
in orthopaedic trauma patients with high-energy injuries.
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Materials and Methods
This was a retrospective study that was performed at an urban university-based level-1 trauma centre. The study 
data was collected through a retrospective chart review and review of existing laboratory and radiographic stud-
ies. Patients were identified through the coding database of our institution. Approval of the study protocol was 
obtained from the Institutional Review Board (IRB) of our institution and all methods were performed in accord-
ance with the relevant guidelines and regulations. As per institutional IRB regulations, this investigation was 
exempt from requiring patient consent for study participation since this investigation did not include any patient 
intervention or direct patient contact. Thus, the need for informed consent was waived by our institutional IRB. 
Only investigators listed on the approved IRB protocol had access to identifying patient information.

Orthopaedic trauma patients 18 years of age and older undergoing intramedullary nail fixation of their fem-
oral fractures between 2013 and 2016 were included in this investigation. Sensitive patient populations, such 
as prisoners, patients with mental disorders, and pregnant patients were excluded from this study. In addition, 
patients with pathologic fractures were excluded from this investigation.

All patients included in this study underwent intramedullary nail fixation of their femoral shaft fractures. 
The albumin levels were retrieved from the patient charts as they are obtained routinely as part of the standard 
admission laboratory studies in trauma patients at our institution. We also collected demographic and clinical 
data, such as age, gender, body mass index (BMI), medical co-morbidities, smoking history, insurance coverage, 
employment status, race/ethnicity, American Society of Anesthesiologists’ (ASA) score19, mechanism of injury, 
and fracture type (open versus closed). In addition, clinical data on the hospital course were collected from the 
patient charts, including injury severity score (ISS)20, intensive care unit days, ventilator days, and length of hos-
pital stay. Hypoalbuminaemia was defined as a serum albumin level of less than 3.5 g/dL. Obesity was defined as 
BMI > 30 kg/m2. The incidence of wound complications, including wound dehiscence and wound infection, was 
retrieved from the inpatient and outpatient electronic medical records.

Statistical analysis.  The statistical analyses were performed on a total of 249 patients who were identified 
by the inclusion and exclusion criteria as above. All statistical analysis was performed using Stata 15.1 (StataCorp, 
College Station, TX). Binary variables were compared using the chi-square test. Continuous variables were com-
pared using the Wilcoxon test. A logistic regression model was created in order to identify independent varia-
bles predicting the incidence of wound complications. The independent variables tested included age, gender, 
diabetes, smoking, race/ethnicity, BMI, insurance type, ASA score, illicit drug abuse, hypoalbuminaemia, open 
fracture, and mechanism of injury. The dependent binary variable was incidence of wound complications. First, a 
univariate analysis was performed to identify independent variables that demonstrated a significant difference for 
the incidence of wound complications. All independent variables that showed a significant difference (p < 0.05) 
or trended differently (p = 0.05–0.15) between patients with and without wound complications, respectively were 
included in the logistic regression model. Thus, the independent variables tested in our logistic regression model 
included BMI, insurance type, ASA score, and mechanism of injury.

Results
Cohort characteristics.  Based on the Current Procedural Terminology (CPT) code 27506, a total of 290 
patients were screened for participation in this study. Forty-one patients did not meet the inclusion criteria. The 
specific reasons for exclusion from the study were unavailable albumin level (n = 33), subtrochanteric fracture 
(n = 5), and pathological fracture (n = 3). The outcome data reported herein are based on 249 patients (Fig. 1).

The mean age of the 249 patients included in this study was 34.4 years old (SD 16.5) (Table 1). A total of 185 
patients (74.3%) were male and 64 patients (25.7%) were female. Twenty patients (8.0%) were recorded to have 
diabetes. An ASA score of 1 or 2 was recorded for 126 patients (50.6%) patients, while 123 patients (49.4%) had an 
ASA score of 3 or 4. In regards to the ethnicity, 151 patients (60.6%) were recorded as Hispanics, and 98 patients 
(39.4%) were non-Hispanic. A total of 80 patients (32.1%) were recorded as obese with a BMI greater than or 
equal to 30 kg/m2. In addition, 117 patients (47.0%) were recorded as smokers, and 127 patients (51.0%) had a 
history of illicit drug abuse. The mean length of hospital stay was 9.44 days (range 1–70). A total of 97 patients 
(40%) required time in the ICU (mean 9.18 days, range 1–45). Sixty patients (24.1%) required a ventilator for a 
mean of 8.26 days (range 1–31).

Hypoalbuminemia and obesity.  Overall, 98 patients (39.4%) were recorded to have hypoalbuminaemia 
(Table 1). The rate of hypoalbuminaemia was significantly increased in female patients (50.0% versus 35.7% in 
male patients, p = 0.043), patients with diabetes (60.0% versus 37.6% in non-diabetic patients, p = 0.049), patients 

Figure 1.  Flowchart of study population.
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with an ASA score of 3 or 4 (73.5% versus 26.5% in patients with an ASA of 1 or 2, p < 0.001). Additionally, 
patients with hypoalbuminaemia were significantly older than patients with normal albumin levels (mean 
39.3 ± SD 18.3 versus 31.1 ± 14.4, p = 0.008).

Obese patients showed a statistically non-significant trend towards being older than non-obese patients 
36.6 ± 16.2 versus 33.4 ± 16.6, p = 0.150) (Table 2). The rate of obesity was higher in patients with an ASA score 
of 3 or 4 as compared to an ASA score of 1 or 2 (p = 0.010), whereas patients with a history of illicit drug abuse 
were at significantly lower risk for obesity (p = 0.015). The rate of obesity trended higher in Hispanic patients as 
compared to non-Hispanics, but this was not statistically significant (p = 0.128).

Incidence of wound complications.  The overall incidence of wound complications in our study pop-
ulation was 9.65% (n = 25/259) (Table 3). The rate of wound complications was significantly higher in obese 
patients as compared to non-obese patients (16.7% versus 7.1%, p = 0.021). In addition, insurance type, ASA, 
and mechanism of injury trended differently between patients with and without wound complications, respec-
tively (p = 0.05–0.15). Therefore, BMI, insurance type, ASA score, and mechanism of injury represented the inde-
pendent variables included in the logistic regression model (Table 4). Within the logistic regression model, BMI 
demonstrated a significantly increased the risk of wound complications (p = 0.039).

Discussion
Malnutrition as a risk factor for poor outcomes has been well established in the medicine literature1–6 as well as 
the general surgery literature7–9. Within the field of orthopaedic surgery, hypoalbuminemia and obesity have 
been reported as significant risk factor for adverse outcomes in elective procedures, such as arthroplasty and 
spinal fusions10–15,. Data from the literature on malnutrition in orthopaedic trauma patients remains scarce and 
is mostly limited to studies in elderly patients undergoing hip fracture surgery16–18. Our study demonstrated that 
malnutrition represents a significant challenge in orthopaedic trauma patients with a hypoalbuminaemia rate of 
39.4% and an obesity rate of 32.1%. Moreover, we recorded that obesity significantly increases the risk of surgical 
site complications in patients undergoing surgical fixation of their femur fracture.

Our study has several limitations. The data in our study was retrieved through a retrospective review. 
This type of data collection is inherently associated with certain limitations, arising from variable data 

Patient Characteristic
Albumin 
Level < 3.5 (n = 98)

Albumin Level ≥ 3.5 
(n = 151) Total P-Value

Age, mean ± SD, y 39.4 ± 18.3 31.2 ± 14.4 34.4 ± 16.5 <0.001*

Gender, n (%) — — — 0.043*

Male 66 (35.7%) 119 (64.3%) 185 (74.3%)

Female 32 (50.0%) 32 (50.0%) 64 (25.7%)

Diabetes, n (%) — — — 0.049*

Yes 12 (60.0%) 8 (40.0%) 20 (8.0%)

No 86 (37.6%) 143 (62.4%) 229 (92.0%)

Smoking, n (%) — — — 0.036*

Yes 38 (32.5%) 79 (67.5%) 117 (47.0%)

No 60 (45.5%) 72 (54.5%) 132 (53.0%)

Ethnicity, n (%) — — — 0.909

Hispanic 59 (39.1%) 92 (60.9%) 151 (60.6%)

Non-Hispanic 39 (39.8%) 59 (60.2%) 98 (39.4%)

BMI, n (%) — — — 0.126

BMI < 30 61 (36.1%) 108 (63.9%) 169 (67.9%)

BMI ≥ 30 37 (46.3%) 43 (53.7%) 80 (32.1%)

Insurance Type, n (%) — — — 0.186

Self-Pay 29 (33.7%) 57 (66.3%) 86 (34.5%)

Insurance/Other 69 (42.3%) 94 (57.7%) 163 (65.5%)

ASA Classification#, n (%) — — — <0.001*

1 or 2 26 (20.6%) 100 (79.4%) 126 (50.6%)

3 or 4 72 (58.5%) 51 (41.5%) 123 (50.4%)

Illicit Drug Use¥, n (%) — — — 0.264

Yes 37 (35.9%) 66 (64.1%) 103 (45.2%)

No 54 (43.2%) 71 (56.8%) 125 (54.8%)

Open Fracture, n (%) — — — <0.001*

Yes 31 (60.8%) 20 (39.2%) 51 (20.1%)

No 67 (33.8%) 131 (66.2%) 198 (79.9%)

Table 1.  Characteristics of patients with and without hypoalbuminemia. #No subjects exhibited an ASA score 
of 5. ¥Data not available for all subjects (n = 228). *P-value significant at 0.05 level.
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entry into the electronic medical records. In addition, the available data on the nutritional status of patients 
included in this series was limited to albumin levels and BMI. Albumin has been widely established as a 
standard nutritional serum marker and has been used in numerous studies within the medicine, general 
surgery, and orthopaedic literature2,3,5,9–16. However, our study does not provide any information on clin-
ical nutrition assessment scales or other nutritional serum markers that may be relevant to orthopaedic 
patients, such as micronutrients. Moreover, our data is limited to patients with femoral shaft fractures. A 
femur fracture model was chosen for the purpose of this study as we intended to capture a young orthopae-
dic trauma patient population with high-energy injuries. As femoral shaft fractures are typically the result 
of a high-energy injury, we feel that our study population appropriately represents this group of patients. 
However, one must be cautious when extrapolating our data to patient populations with other injury pro-
files. Our study identified obesity as an independent risk factor for wound complications. However, we also 
acknowledge that due to the relatively small sample size, our study may be underpowered to detect other 
significant risk factors for surgical site complications. Finally, the data recorded in this study reflects a 
single-institution experience. Thus, it must be assumed that prevalence and type of malnutrition is subject 
to geographic variations.

Comparing and contrasting our findings with data from the literature is challenging given the paucity of nutri-
tion studies in this specific patient population. Ihle et al.21 reported the prevalence of malnutrition to be 22.3% in 
patients admitted to a German trauma center. Their patient population included both traumatic as well as elective 
admissions and patients were classified as malnourished using a clinical nutrition assessment scale. Regarding 
risk factors for malnutrition, our study identified age, female gender, diabetes, smoking, and ASA class 3 o r4 as 
risk factors for hypoalbuminaemia. This is consistent with previous investigations. Bohl et al.22 who reported 
hypoalbuminaemia to be associated with female gender as well as diabetes. In patients undergoing elective total 
joint arthroplasty. Furthermore, our findings are in accordance with previous investigations in patients with hip 
fractures which recorded an association between malnutrition and medical co-morbidities23. Lastly, poor nutri-
tional status was significantly correlated with older age in our study, which is in line with Ihle et al., who also 
found their elderly patients to have a higher prevalence of malnutrition21. Our study found that obesity was a 
significant predictor of surgical site complications in orthopaedic trauma patients with high-energy injuries. This 
is in line with the experience of elective orthopaedic procedures that have reported similar results10–15. Our data 
emphasizes the urgent need for proper assessment of malnutrition in orthopaedic trauma patients during the 
early treatment phase.

Patient Characteristic
Non-Obese (BMI < 30) 
(n = 169)

Obese (BMI ≥ 30) 
(n = 80) Total P-Value

Age, mean ± SD, y 33.4 ± 16.6 36.6 ± 16.2 34.4 ± 16.5 0.150

Gender, n (%) — — — 0.628

Male 124 (73.4%) 61 (76.3%) 185 (74.3%)

Female 45 (26.6%) 19 (21.2%) 64 (23.7%)

Diabetes, n (%) — — — 0.199

Yes 11 (7.1%) 9 (10.0%) 20 (8.0%)

No 158 (92.9%) 71 (90.0%) 229 (92.0%)

Smoking, n (%) — — — 0.665

Yes 81 (47.9%) 36 (45.0%) 117 (47.0%)

No 88 (52.1%) 44 (55.0%) 132 (53.0%)

Ethnicity, n (%) — — — 0.128

Hispanic 97 (57.4%) 54 (67.5%) 151 (60.6%)

Non-Hispanic 72 (42.6%) 26 (32.5%) 98 (39.4%)

Insurance Type, n (%) — — — 0.916

Self-Pay 58 (34.3%) 28 (35.0%) 86 (34.5%)

Insurance/Other 111 (65.7%) 52 (65.0%) 163 (65.5%)

ASA Classification#, n (%) — — — 0.010*

1 or 2 95 (56.2%) 31 (38.7%) 126 (50.6%)

3 or 4 74 (43.8%) 49 (61.3%) 123 (50.4%)

Illicit Drug Use, n (%) — — — 0.015*

Yes 79 (55.0%) 24 (36.2%) 103 (51.0%)

No 77 (45.0%) 48 (63.8%) 125 (49.0%)

Open Fracture, n (%) — — — 0.983

Yes 35 (20.1%) 16 (20.0%) 51 (20.1%)

No 134 (79.9%) 64 (80.0%) 198 (79.9%)

Table 2.  Characteristics of non-obese vs. obese patients. #No subjects exhibited an ASA score of 5. ¥Data not 
available for all subjects (n = 247). *P-value significant at 0.05 level.
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Conclusions
In conclusion, we recorded a substantial prevalence of hypoalbuminemia and obesity among orthopaedic trauma 
patients with high-energy injuries. In our patient population, obesity was found to be independent risk factor 
for surgical site complications. Our study emphasizes the necessity of proper assessment for malnutrition in 
orthopaedic trauma patients. Particularly, our study lays the ground for subsequent prospective investigations 
in this field. Future studies are required to further define the prevalence and the impact of malnutrition in other 
geographic regions. In addition, the role of other specific nutritional serum markers, such as micronutrients, must 
be established in future clinical investigations. In the long-term, this body of knowledge will provide healthcare 
providers with important tools potentially allowing for the development of cost efficient perioperative nutritional 
interventions that may minimize the risk of costly surgical site complications.

Patient Characteristic
No Wound 
Complication(s)¥ (n = 222)

Wound Complication(s)¥ 
(n = 25) Total P-Value

Gender, n (%) — — —

0.724Male 167 (90.3%) 18 (9.7%) 185 (74.9%)

Female 55 (88.7%) 7 (11.3%) 62 (25.1%)

Age, mean ± SD (%), y 34.1 ± 16.1 36.0 ± 18.9 34.4 ± 16.5 0.631

Diabetes, n (%) — — —

0.985Yes 18 (90.0%) 2 (10.0%) 20 (9.1%)

No 204 (89.9%) 23 (9.1%) 227 (91.9%)

Smoking, n (%) — — —

0.362Yes 103 (88.0%) 14 (12.0%) 117 (47.4%)

No 119 (91.5%) 11 (8.5%) 130 (52.6%)

Ethnicity, n (%) — — —

0.756Hispanic 135 (89.4%) 16 (10.6%) 151 (61.1%)

Non-Hispanic 87 (90.6%) 9 (9.4%) 96 (38.9%)

BMI, n (%) — —

0.021*BMI < 30 157 (92.9%) 12 (7.1%) 169 (68.4%)

BMI ≥ 30 65 (83.3%) 13 (16.7%) 78 (31.6%)

Insurance Type, n (%) — — —

0.144Self-Pay 74 (86.0%) 12 (14.0%) 86 (34.8%)

Insurance/Other 148 (91.9%) 13 (8.1%) 161 (65.2%)

ASA Classification, n (%) — — —

0.1131 or 2 117 (92.8%) 9 (7.2%) 126 (51.0%)

3 or 4 105 (86.8%) 16 (13.2%) 121 (49.0%)

Illicit Drug Use¥, n (%) — — —

0.645Yes 91 (88.3%) 12 (11.7%) 103 (45.6%)

No 111 (90.2%) 12 (9.8%) 123 (54.4%)

Albumin Level, n (%) — — —

0.323Albumin < 3.5 84 (87.5%) 12 (12.5%) 96 (38.9%)

Albumin ≥ 3.5 138 (91.4%) 13 (8.6%) 151 (61.1%)

Open Fracture — — —

0.662Yes 45 (88.2%) 6 (11.8%) 51 (20.7%)

No 177 (90.3%) 19 (9.7%) 196 (79.3%)

Mechanism of Injury — — —

0.076Motor vehicle crash, n (%) 130 (92.8%) 10 (7.2%) 140 (56.7%)

Other, n (%) 92 (86.0%) 15 (14.0%) 107 (43.3%)

Table 3.  Univariate analysis for patients with and without wound complications. #No subjects exhibited an ASA 
score of 5. ¥Data not available for all subjects. *P-value significant at 0.05 level.

Patient Characteristic Odds Ratio (95% CI) P-Value

BMI, n (%) 0.400 (0.168–0.954) 0.039*

Insurance Type 0.422 (0.174–1.024) 0.056

ASA Classification 0.507 (0.207–1.241) 0.137

Mechanism of Injury 2.652 (1.086–6.480) 0.032*

Table 4.  Logistic regression for incidence of wound complications.
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Ethics approval.  This study was approved by the Institutional Review Board of University of Texas Health 
at San Antonio.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due the presence of 
personal health information but are available from the corresponding author on reasonable request.

Received: 17 July 2019; Accepted: 23 January 2020;
Published: xx xx xxxx

References
	 1.	 Ahmed, N. et al. Impact of malnutrition on survival and healthcare utilization in Medicare beneficiaries with diabetes: a 

retrospective cohort analysis. BMJ Open. Diabetes Res. Care. 6, 1 (2018).
	 2.	 Chen, C. W. et al. Severe hypoalbuminemia is a strong independent risk factor for acute respiratory failure in COPD: a nationwide 

cohort study. Int. J. Chron. Obstruct Pulmon Dis. 10, 1147–1154 (2015).
	 3.	 Famakin, B. et al. Hypoalbuminemia predicts acute stroke mortality: Paul Coverdell Georgia Stroke Registry. J. Stroke Cerebrovasc. 

Dis. 19, 17–22 (2010).
	 4.	 Hu, W. H. et al. Preoperative malnutrition assessments as predictors of postoperative mortality and morbidity in colorectal cancer: 

an analysis of ACS-NSQIP. Nutr. J. 14, 91 (2015).
	 5.	 Shao, M., Wang, S. & Parameswaran, P. K. Hypoalbuminemia: a risk factor for acute kidney injury development and progression to 

chronic kidney disease in critically ill patients. Int. Urol. Nephrol. 49, 295–302 (2017).
	 6.	 Wada, H. et al. Prognostic impact of the Geriatric Nutritional Risk Index on long-term outcomes in patients who underwent 

percutaneous coronary intervention. Am. J. Cardiol. 119, 1740–1745 (2017).
	 7.	 van Rooijen, S. et al. Preoperative modifiable risk factors in colorectal surgery: an observational cohort study identifying the possible 

value of prehabilitation. Acta Oncol. 56, 329–334 (2017).
	 8.	 Mosquera, C. et al. Impact of malnutrition on gastrointestinal surgical patients. J. Surg. Res. 205, 95–101 (2016).
	 9.	 Martin, A. N. et al. Morbidity and mortality after gastrectomy: identification of modifiable risk factors. J. Gastrointest. Surg. 20, 

1554–1564 (2016).
	10.	 Fu, M. C. et al. Malnutrition increases with obesity and is a stronger independent risk factor for postoperative complications: a 

propensity-adjusted analysis of total hip arthroplasty patients. J. Arthroplasty. 31, 2415–2421 (2016).
	11.	 Huang, R., Greenky, M., Kerr, G. J., Austin, M. S. & Parvizi, J. The effect of malnutrition on patients undergoing elective joint 

arthroplasty. J. Arthroplasty. 28, 21–24 (2013).
	12.	 Nelson, C. L., Elkassabany, N. M., Kamath, A. F. & Liu, J. Low albumin levels, more than morbid obesity, are associated with 

complications after TKA. Clin. Orthop. Relat. Res. 473, 3163–3172 (2015).
	13.	 Adogwa, O. et al. Preoperative nutritional status is an independent predictor of 30-day hospital readmission after elective spine 

surgery. Spine. 41, 1400–1404 (2016).
	14.	 Fu, M. C., Buerba, R. A. & Grauer, J. N. Preoperative nutritional status as an adjunct predictor of major postoperative complications 

following anterior cervical discectomy and fusion. Clin. Spine Surg. 29, 167–172 (2016).
	15.	 Puvanesarajah, V. et al. Poor nutrition status and lumbar spine fusion surgery in the elderly: readmissions, complications, and 

mortality. Spine. 42, 979–983 (2017).
	16.	 Aldebeyan, S., Nooh, A., Aoude, A., Weber, M. H. & Harvey, E. J. Hypoalbuminaemia-a marker of malnutrition and predictor of 

postoperative complications and mortality after hip fractures. Injury. 48, 436–440 (2017).
	17.	 Botella-Carretero, J. I. et al. Effects of oral nutritional supplements in normally nourished or mildly undernourished geriatric 

patients after surgery for hip fracture: a randomized clinical trial. JPEN J. Parenter. Enter. Nutr. 32, 120–128 (2008).
	18.	 Eneroth, M., Olsson, U. B. & Thorngren, K. G. Nutritional supplementation decreases hip fracture-related complications. Clin. 

Orthop. Relat. Res. 451, 212–217 (2006).
	19.	 American Society of Anesthesiologists. New classification of physical status. Anesthesiology. 24, 111 (1963).
	20.	 Baker, S. P. & O’Neill, B. The injury severity score: an update. J. Trauma. 16, 882–885 (1976).
	21.	 Ihle, C. et al. Malnutrition - an underestimated factor in the inpatient treatment of traumatology and orthopaedic patients: a 

prospective evaluation of 1055 patients. Injury. 48, 628–636 (2017).
	22.	 Bohl, D. D., Shen, M. R., Kayupov, E. & Della Valle, C. J. Hypoalbuminemia independently predicts surgical site infection, 

pneumonia, length of stay, and readmission after total joint arthroplasty. J. Arthroplasty. 31, 15–21 (2016).
	23.	 Goisser, S. et al. Malnutrition according to mini nutritional assessment is associated with severe functional impairment in geriatric 

patients before and up to 6 months after hip fracture. J. Am. Med. Dir. Assoc. 16, 661–667 (2015).

Acknowledgements
The authors would like to thank Jeffrey Mella, BS for his assistance with the data collection. No external funding 
was obtained for purposes of this study.

Author contributions
B.A.Z. Made substantial contributions to conception and design, interpretation of data, manuscript preparation 
and revisions. R.C.E.: Made substantial contributions to conception and design, acquisition of data, interpretation 
of data, preparation of manuscript. T.T.B.: Made substantial contributions to conception and design, statistical 
analysis, interpretation of data, and manuscript writing. N.N.G.: Made substantial contributions to conception 
and design, acquisition of data, and final manuscript review. M.M.P.: Made substantial contributions to 
conception and design, acquisition of data, and final manuscript review. K.H.D.: Made substantial contributions 
to conception and design, interpretation of data, manuscript writing, and final manuscript review. S.S.O.: Made 
substantial contributions to design, statistical analysis, interpretation of data, manuscript writing, and final 
manuscript review.

Competing interests
B.A.Z. has consulted for KCI Inc. USA and DepuySynthes® and received compensation. B.A.Z. has also 
received speaker fees from AO North America. B.A.Z. has received research grants from DepuySynthes, KCI, 
Department of Defense, and the Orthopaedic Trauma Association. B.A.Z. has received educational grants from 
Smith and Nephew Inc. and Arthrex®. He serves on the editorial board of International Orthopaedics, Journal 

https://doi.org/10.1038/s41598-020-58987-4


7Scientific Reports |         (2020) 10:1953  | https://doi.org/10.1038/s41598-020-58987-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

of Orthopaedic Trauma, and Patient Safety in Surgery. None of these activities are related to the content of this 
article. The remaining authors declare that they have no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.A.Z.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-58987-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Hypoalbuminemia and Obesity in Orthopaedic Trauma Patients: Body Mass Index a Significant Predictor of Surgical Site Compli ...
	Materials and Methods

	Statistical analysis. 

	Results

	Cohort characteristics. 
	Hypoalbuminemia and obesity. 
	Incidence of wound complications. 

	Discussion

	Conclusions

	Ethics approval. 

	Acknowledgements

	Figure 1 Flowchart of study population.
	Table 1 Characteristics of patients with and without hypoalbuminemia.
	Table 2 Characteristics of non-obese vs.
	Table 3 Univariate analysis for patients with and without wound complications.
	Table 4 Logistic regression for incidence of wound complications.




